Abstract: Novel bisazo-bisazomethine disperse dyes were prepared by the coupling of diazotized solutions of various aromatic amines with 2,2'-{sulfonylbis [4,1-phenylene nitrilomethylylidene]} diphenol (SB). Above Schiff base was prepared by the condensation of 2-hydroxybenzaldehyde with 4,4'-sulphonyldianiline (Dapson). The resultant dyes were characterized by elemental analysis, IR and 1 H NMR spectral studies. The UV Visible absorption spectral data were investigated in dimethylformamide (DMF) and are discussed in terms of structural property relationship. Their dyeing performance as disperse dyes has been assessed on polyester fabrics. The results show that a better hue was obtained on polyester fabrics and have mild to moderate fastness properties.
Introduction
Since long back azo disperse dyes, azo-vat and azo-acid dyes etc. were marketed as a commercial dyes. All have phenolic moiety bearing hydroxy group(s) as an auxochrome [1] [2] [3] [4] [5] . Much attention has also been given towards bisazo and polyazo dyes as dying materials [6] [7] [8] [9] [10] [11] . In addition to that there are several reports regarding bisazomethine dyes in which azoimine group formed by Schiff's reaction of aldehyde with aromatic diamine [12] [13] [14] . However, there are no any reports regarding bisazo-bisazomethine disperse dyes in which both bisazo and bisazomethine chromophoric groups lying in a single molecular framework. Hence, the present communication comprises synthesis; characterization and dyeing performance of bisazo-bisazomethine disperse dyes on polyester fabric.
Experimental
All the chemicals used were of analytical grade and were further purified as and when required. Dapson (4,4'-sulfonyldianiline), salicylaldehyde (2-hydroxybenzaldehyde), different aromatic primary amines, sodium hydroxide, sodium nitrite, hydrochloric acid were purchased from local market. The organic solvents used were purified by standard methods 15 . The aromatic amines used for diazotization are listed in Scheme 1. Polyester fabrics were gifted by Color Tax (Pvt) Ltd, Surat. Melting points were determined by open capillary method and were found uncorrected. The visible absorption spectra were measured on a Carl Zeiss UV/VIS specord spectrometer and elemental analysis was carried out on Perkin Elmer CHNS/O Analyzer 2400 Series II. Infrared spectra were recorded in KBr pellets on a Perkin-Elmer spectrum GX FT-IR model. 1 H NMR spectra were recorded on Hitachi R-1500 in DMSO-D 6 solvent and TLC (Thin layer chromatography) was run on a aluminium sheets precoated with silica gel 60 F 245 , (Merck, Germany) using ethyl acetate: n-hexane (1:1) solvent system. Colour spot was visualized by UV chamber. Intra dyeing machine was used for dying purpose.
Synthesis of 2,2'-{sulfonylbis[4,1-phenylenenitrilomethylylidene]}diphenol (SB)
A solution of dapson (4.96 g, 0.02 mol) in absolute alcohol (50 mL) was prepared. To the above solution an ethanolic solution (100 mL) of salicylaldehyde (4.88 g, 0.04 mol) was added slowly under stirring to produce a yellow crystalline solid product upon cooling at room temperature. The product thus obtained was filtered, washed with ethanol and dried in vacuum desiccator. Yield: 79.65% m.p. 221-224 0 C (uncorrected). The synthetic route is shown in Scheme 1.
Synthesis of the bisazo-bisazomethine disperse dyes

Diazotization procedure
Bisazo-bisazomethine disperse dyes were prepared in a two steps viz. diazotization of aromatic amines followed by their coupling with Schiff base. Diazotization was carried out by the reported method [16] [17] [18] . Accordingly, aniline and other substituted amines such as p-toludine, 2-nitroaniline, 3-nitroaniline, 4-nitroaniline, 3-chloroaniline, 4-chloroanilne, 4-bromoaniline, 3-aminophenol and 4-aminophenol were diazotized by following the given procedure:
A solution of 1.86 g aniline (0.02 mole) in 25 mL 2 N HCI (0.05 mole) was cooled in an ice bath and was stirred well. After reaching to 0-5 0 C temperature a chilled 10 mL solution of 1.38 g sodium nitrite (0.02 mole) was added drop wise so that the temperature should not exceeds 2-3 0 C during a time of half an hour. The mixture was stirred well further for about 10 min. after completion of diazotization reaction. The test conducted for this purpose is a blue colouration with Congo red paper and a weak blue colour with starch iodide paper. If diazotization is not completed than add more nitrite solution drop wise until a positive test for diazotization is obtained. The diazotized amine solution thus prepared was used immediately for coupling reaction. Almost all amines were diazotized by following the similar procedure.
Coupling of above mentioned diazotized aromatic amines with Schiff base was carried out by following the reported method [16] [17] [18] . Accordingly, 4.56 g Schiff base (0.01 mole) was dissolved in aqueous solution of 50 mL sodium hydroxide (0.01 mole). The clear solution was cooled in ice bath and diazonium salt solution of amine (0.02 mole) was added drop by drop over a period of 15 minutes accompanied by vigorous stirring. The pH of solution mixture was maintained in the range of 8 to 9 by simultaneous addition of 10% w/v sodium carbonate solution. Stirring was continued for 2 h, allowing the temperature to rise to ambient. Then 2 M solution of acetic acid was added until the pH of solution becomes 7. The dye precipitated out was then filtered off, washed with distilled water until it becomes salts free and was dried at room temperature. The dyes were recrystallised by appropriate organic solvent and were designated as dyes D 1 -D 10 .
Dyeing and fastness properties of fabrics
All the dyes D 1 to D 10 were applied on polyester fabrics in 2% shade by using the reported procedure 19 . The fastness to light, sublimation and perspiration of the dye pattern was assessed according to British standard 1006-1978 and the washing fastness according to Indian standard (ISO method) at 60 0 C/30 min. The rubbing fastness was tested using crock meter (10 stroke To & fro) (Atlas) AATCC-1961. The percentage of exhaustion and fixation of dyes on polyester fabric was determined by following the reported method 20 .
Results and Discussion
All the dyes were obtained as amorphous powder ranging in colour from yellowish orange to dark brown. The TLC results showed that only a single spot was observed for each dye. 
Characteristic data of Schiff's base and dyes
2-[(4-{4-[(2-Hydroxy-5-p-tolylazobenzylidene)amino]benzenesulfonyl}phenylimino) methyl]-4-p-tolylazo phenol (D
2-[(4-{4-[(2-Hydroxy-5-phenlazobenzylidene)amino]benzenesulfonyl}phenylimino) methyl]-4-phenylazophenol (D
2-{[4-(4-{[2-Hydroxy-5-(4-nitrophenylazo)benzylidene}aminobenzenesulfonyl) phenylimino] methyl}-4-(4-nitrophenylazo)phenol (D
2-{[4-(4-{[2-Hydroxy-5-(3-nitrophenylazo)benzylidene]amino}benzenesulfonyl) phenylimino]methyl-4-(2-nitrophenylazo)phenol (D
4-(3-Chlorophenylazo)-2-{[4(4-{[5-(3-chlorophenylazo)-2-hydroxybenzylidene] amino}benzenesulfonyl)phenyliminomethyl}phenol (D
2-{[4-(4-{[2-Hydroxy-5-(2-nitrophenylazo)benzylidene]amino}benzenesulfonyl) phenylimino}methyl}-4-(2-nitrophenylazo)phenol (D
4-(4-Chlorophenylazo)2-{[4-(4-{[5-(4-chlorophenylazo)-2-hydroxybenzylidene amino}benzenesulfonyl)phenylimino]methyl}phenol (D 7 )
Yield: 75.0%, m. The result of the elemental analysis of each dye is consistent with the predicted structure as shown in Scheme 1. The number of azo groups and methine groups are two in each dye molecule. The nitrogen content and number of azo groups and number of azomethine groups are correlated with the expected values. IR spectrum of each dye exhibited the important features of aromatic, azo, hydroxyl, azomethine, nitro, halo and sulfonyl groups. The 1 H NMR spectra also showed the important signals at their expected positions for all bisazo-bisazomethine disperse dyes. Thus, the structure of bisazo-bisazomethine disperse dyes were confirmed as shown in Scheme 1. The absorption maxima (λ max ) in the visible spectra of all dyes recorded in DMF fall in the range of 420-535 nm as shown in Table 1 . The value of the logarithm of the molar extinction coefficient (log ε) of all the dyes were in the range of 4.15-4.41, which consistent with their high absorption intensity. 
4-(4-Hydroxyphenylazo)-2-{[4-(4-{[5-(4-hydroxyphenylazo)-2-hydroxybenzylidene] amino}benzenesulfonyl)phenylimino]methyl}phenol (D
4-(3-Hydroxyphenylazo)-2-{[4-(4-{[5-(3-hydroxyphenylazo)-2-hydroxybenzylidene] amino}benzenesulfonyl)phenylimino]methyl}phenol (D
4-(4-Bromophenylazo)-2-{[4-(4-{[5-(4-bromophenylazo)-2-hydroxybenzylidene] amino}benzenesulfonyl)phenylimino]methyl}phenol (D
both the nature and position of the substituent present on the diazotised compound. The dyeing showed an excellent fastness to washing, perspiration and sublimation but showed poor rubbing fastness and is shown in Table 2 . A remarkable degree of levelness after washing was observed. This may be attributed to the good penetration into and affinity of the dye for the fabric structure. Table 2 . Results of bisazo-bisazomethine disperse dyeing and various fastness properties of the dye on polyester fabric
Conclusion
Novel bisazo-bisazomethine disperse dyes were prepared and duly characterized. They have good fastness to light, sublimation and perspiration properties but exhibit poor rubbing fastness. The nature of the substituent in the coupling components has little influence on the visible absorption and the shade of the dyeing. 
